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Clear ................................ 0.00 
Fog .................................. Trace. 
Mist ................................. 0.05 
Drizsle .............................. 0.25 
Lightrain ........................... 1.00 
bfcderate rain.. ...................... 4.00 

Excessire rain .......... c ............ 40.00 
Cloud-burst .......................... 100.00 

HWVyrah  .......................... 15.W 

INTENSITY OF PRECIPITATION. 

The intensity, or rate, of rainfall varies from zero up 
ta several inches per hour, and, like the stren th of the 
wind, has been popularly divided into severaf more or 
less definite, grades. Most of these, together with the 
roughly averaged values they imply, are given in the 
accompanying table. 

Precipitation values. 
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THE WATER CONTENTS OF THE ATMOSPHERE IN 
RELATION TO HEAVY RAINFALLS. 

W. H. Dines has ublished in the October, 1918, num- 
ber of the S mons'sketeorological Magazine, a summary 

Europe, as determined by the humidity records of 350 
re 'stering balloons. %. Dines says: 
In the winter the total equivalent rainfall is about 0.40 in.. with B 

ran e from 0.25 in. to 0.80 in.; in slimmer the mean is about 0.80 in.. 
wit% a range from 0.50 in. to 1.50 in. The amount seems to depend 
chiefly on the tempemture and but llttle on anything else, i. e., If the 
air is warm there is almost certaan to be plenty of masture and con- 
versely. Practically all the mater is contained in the first few kilo- 
metern. 

These amounts, which would be precipitated if all tlie 
moisture resent in the atmosphere over a place were 
condense$ me small relative to those which might result 
from the inflow of moisture which occurs in the usual 
convergence of winds in a cyclone. Taking aa an 8s- 
ample a circular area of 100 kilometers radius, a wind 500 
meters deep and Iiavin an inflowing component of 10 

sufficient moisture to produce about 8.6 inches (220 mm.) 
if the temperature were SO" F., 6.6 inches (160 mm.) at 
70" F., 3.2 inches (80 mm.) at 50° F., and 1.5 inches 
(40 mm.) at 30" F. If the circular area were 100 miles 
in radius and if the inflowing component of the wind 
were 10 miles per hour, these values would be about 
quartered. The actual rainfalls would be less, for some 
of the moisture remains when the air flows away from the 
area aloft. If the air should be cooled 30" F., as it would 
in ascending about 2 miles, the precipitation would be 
about a th rd  less. Since the air which goes into a 
cyclone does not rise uniformly about the center, the 
rainfall rate may easily be doubled over considerable 
m a s ,  at the expense of that over other areas. If a 
cyclone, however, is moving, this difference in rate might 
not show in the distribution of total rainfalL-0. F. B. 

of the usua P water contents of the atmosphere in western 

meters per second woul fi bring in the oourse of 24 hours 
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PANAMA THUNDERSTORMS. 

Ry H. G. CORNTHWAITE, Aeat. Chief Hydrographer. 

[Dated: Balboe Edghts, C. Z., October, 4 1919.1 

SYNOPSIS: Thiinderstorme in Panama are of frequent occurrence 
during the eight rainy-season montha. More OCCIU over the interior 
than along either coast. and generally more occur in the afternoon than 
during the night or early morning. 

Thiinderstornis me more numerous in Panama than anywhere in 
the.United States. averaging from 100 to 140 per ear, but the total loee 
of life and property damage is relatively 1-8 in hanama than in many 
sections of the United States, probably due to (1) electric discharge8 
between clouds. failing to reach the earth, (2) numeroiis uninhabited 
hilltops serving as conductors and protecting the inhabited valleys. 
and (3) atmospheric conditione favorable for ready interchange of elec 
t i c  currents, tending to prevent the accumulation of powerful electric 
streaes or differences of potential. 

INTRODUCTION. 

Thunderstorms are of frequent occurrenca in most 
tropical and equatorial regions of heavy rainfalls. In 
Panama tho curves of thunderstorm frequency follow 
fairly closely the curves of average monthly rainfall, but 
August is generally the month of mL.imum thunderstorm 
frequency while Ma and Novcmbcr are the months of 

storms in November and December due to a decrease in 
the number of afternoon convective showers, yet Novem- 
ber is usuallj- the rainicst month of tlie year. 

The following table shows the yearly avera e number 

pared with selected stations in the United States: 

hoariest rainfall. 8 iere is a marked decrease in thunder- 

of thunderstorm days a t  stations in the Canal B lone, com- 

Colon.. .................. 
Culeb ra... ............... 
Balboa Heights.. ........ 
Tampa Fla.. ............ 
Santa h N. Mex.. ..... 
Chicap i!l.: ............ 
New drh Clty.. ........ 
San Francisco. .......... 

.. - ..... .... 
I I 

j Fee!. 
Atlantic roast.. ............. 10 
Continental Divide .......... 400 
Paeiec coast ................. 100 

Gull coast.. ................. 67 
Rockp Mountains.. ......... 7,013 
Great Laliea ................. 595 
Atlantic Coast.. ............. 314 
Paclflc coast ................. 155 

From an inspection of the accompanying fig. 4 it will 
be seen that Panama thunderstorms are most numerous 
in the interior near the Continental Divide and fewest 
along the Atlantic coast. 

HOURLY DISTRIBUTION OF THUNDERSTORMS. 

Sufficient data are not available to show accurately the 
curves of hourly distribution of thunderstorms in Panama, 
but in a general way from 75 er cent to 80 per cent of all 

and over the interior, while along the Atlantic coast 
nearly half of the thunderstorms occur during the night 
or early mornin . The reason for this difference in thun- 

prevailing rainstorms. On the Pacific coast and over the 
interior most of the rains are afternoon local showers of 
convective origin, usually accompanied by thunder and 
lightning, while along the Atlantic coast the climate more 
closely resembles the marine t e and much of the rain- 

thunderstorms occur in the a aytime on the Paciftc coast 

derstorm distri % ution is to be found in the character of 

fall comes in the form of gener 2 storms of wider extent, 
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FIG. 1.-Hilly topography surrounding Miraflores Lake. Typical Canal Zone topography. (Photo by H. 0. Cornthwaite.) 

FIG. 2.-Rainstorm sweeping across Gatun Lake. Note the decsyin jungle forest partly submerged in Gatun Lake. 
The forest died quickly when the lake was filled. (ghoto by H. G. Cornthwaite.) 

.. 

FIQ 3.-Flood waters from excessi r e g  throi he spillway at Qatun. At time8 the flood disCha$einto 
i s t u n  Lakeexcds therate of 100,000 c. 1. s. Vlewshows 12,000 c. f. s. disoharging. (photo by H. Q.Cornthwaite). 
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man of which occur during the night or early morning. 

seem to prevail over ocean areas and afternoon thunder- 
storms predominate over land areas. 

In t E e Tropics night and early-morning thunderstorms 

ATTENDANT PHENOMENA. 

Precipibation..-Practicall all Pantma thunderstorms 
are accompanied by rninfal T , many of the rains being at; 
an escessive rate. The average number of excessive rains 
per ear is about 60 on the Atlantic coast and about 30 

pany tliunders torms, but not all thunderstorms are accom- 
panied by excessive rainfall. (Escessiqe rains are classi- 

on t i e Pacific coast. Most of these excessive rains accom- 

an hour from the south at Ancon, and the other occurred 
during the n' h t of June 16-1 7,1919, the maximum veloc- 

Ga tun. 
Ha.d.-Hitil has been observed in the Canal Zone or 

vicinity on three occasions during the past 12 years, 
accompanyinu thunder or rain storms. Hail fell a t  Cum- 

known, and aaain at Alhajuela on the afternoon 7! o May lm- 
racha (near h e b r a )  in 1908, the exact date be 

2S, 1910. A h i rd  hailstorm occurred on Naos Island on 
June 15,1912, during a heavy rainstorm. The hailstone3 
that fell (luring these storms were small and melted 
quickly, and in no case was the fall excessive. This phe- 

ity recorded % eing 50 miles an hour from the south at 

c 

FIG. i.-~versge number of days with thunderstorms compared wlth average mauthly raixhll at Canal Zane stations. 

fied in accordance with the United States Weather Bureau 
scale of excessive recipitntion.) See figures 2 and 3. 

quently are accompanied by wind squalls. These usually 
have a moderate gyratory motion, but the strongest wind 
is a straight blow or outrush of air. The wind may blow 
from any direction. Masimum wind velocities range from 
25 up to 45 or 50 miles an hour. These windstorms sel- 
dom are of sufficient violence to do much damage on land, 
and they never are of long enough duration to kick up a 
heavy sea a t  either Canal entrance. 

Thunderstorms and wind squalls usually travel across 
the Isthmus from the Atlantic coast toward the Pacific 
approximately in the direction of the general air circula- 
tion which is from the north or northeast toward the 
south or southwest. Occasional thunderstorms have been 
observed to travel in the opposite direction, from the 
south or southeast toward the north or northwest. Two 
of the severest windstorms of record in Panama moved 
across the Isthmus from the southeast. One occurred on 
July 10, 1909, with a maximum w h d  velocity of 59 miles 

Ti.)id sqmZ2s.- 5 hundeistorms in the Canal Zone fre- 

162416--20---5 

nomenon is unusual in a low-lying tropical countrg, but 
severe hailstorms are experienced fre uently at hig dti- 

Severe t~.~nc~e~stornu.-Although thunderstorms are 
very numerous in Panama, averagmg from 100 to 140 per 

em, very few of these storms are particularly severe. 
%erhaps not more than two or three extreme1 severe 
thunderstorms will occur during the course o 9 a year. 
Contrary to the popular belief that thunderstorms iu 
equatorial reaions are something terrific, it is the writer's 
observation &at thunderstorms in the central and upper 
Mississippi Valley sections of the United States, while not 
nearly so numerous as thunderstorms in Panama, me fre- 
quently more severe and destructive. 

tudes in mountainous regions in the 3 ropics. 

LIGHTNING DAMAGE. 

Lightning accompan ing thunderstorms has caused 
little damage or loss of F Ife in the Canal Zone and vicinity 
durin recent years. The following table shows the num- 
ber o f deaths by lightning since 1906, taken from the 
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1906 ....................................... 
1001 ....................................... 
1908.. .......................... 
1908.. .......................... 
1910.. ..................................... 
1911 ............................ ma.. ..................................... 
19u.. ..................................... 

Health Department vital statistics and from newspaper 
reports : 

____ ~~ ~~ 

1914 ............................ 1 
1915 ...................................... 

1 2  1916 ...................................... 
1 1917 ...................................... 

1918.. .......................... 1 
3 

Total (13 years). 8 ......... 

YW. YW. 

1 Deaths from dynamite axplosian set u% by lightning. 

The average population of the Canal Zone (including 
Panama City and Colon) during this period was about 
120,000. 

There are few records of serious property damage 
from lightning in the Canal Zone. An oil tank a t  Mount 
Hope belonging to the Union Oil Co. was struck by light- 
ning on May 20, 1906, and 11,000 barrels of oil were 
burned. The Colon Radio towers were struck by 

three times on the night of October 14, 1914, 
and l ighhi3 ba y damaged. The instrument tower a t  Balboa 
Heights was struck on October 19, 1914. The radio 
towers are shuck by lightning frequently during elec- 
trical storms, but when properly grounded they ordi- 
narily suffer little or no damage. Canal lighthouses 
and range lights have been struck by lightnin a number 

was struck twice in June, 1918, and badly damaged; 
and a tall lighthouse tower a t  Gatun was struck and 
damaged in August, 191s. An observation balloon a t  
the Coco Solo Naval Air Stat.ion was burned by lightning 
during an electric storm on August 5, 1919. The mess 
hall located close by was struck at practically the same 
time and sli htly damaged. It was stated in the report 

“That the electric current seemed to pass from &e 
bottom of the building upward and out through the 
roof.” A similar henomenon was re orted a few 

, months earlief on &ona Island out in !Panama Bay, 
where the reinforced concrete lighthouse tower was 
struck by li htning, the charge seeming to pass from 

The relatively slight damage from lightning suffered 
in the Canal Zone and vicinity may be partly esplained 
as follows: 

(1) A large percentage of the lightning bolts prob- 
ably never reach the earth, but merely pass from one 
cloud to another. 

(2) In  the Canal Zone and vicinity there are a large 
number of hills with round, conical tops, ranging in 

’ 

of times. Lighthouse tower No. 5 a t  the Paci a c entrance 

of the nava K committee that investigated the damawe, 

the base of t % e tower upward and out into space. 

elevation from a few hundred feet up to 1,000 feet or 
more. These hillto s probably serve as lightning rods 

lightning bolts that strike them do no amage. 
(3) It is probable, also, that the humid atmospheric 

conditions and frequent rainstorms that prevail on the 
Isthmus and the moist condition of the soil facilitate 
the ready interchange of electrical currents between 
the atmosphere and the earth, thus tending to prevent 
the accu.mulution of powerful electric stresses, or differ- 
ences of potential, that would finally find relief in severe 
thunderstorms. This is thought to be one of the 
prhripul cuuses’of the relatively slight damage suffered 
in the Can@ Zone from electric storms. 

B or conductors, and, \ eing for the most art uninhabited, 

COMPARISONS. 

It is interesting to compare thunderstorm conditions 
in Pmama with conditions in the United St.ntes. There 
are two areas of masimum thunderstorm frequency 
in the Unitmad States. The principal one estriids over 
the Gulf St,at,es with center near Tampa, Fln., where 
the average annual nuniber of thunderstorms is about 
94. Another thuntlerst,orni region centers over New 
Erlesico, where the average annual number of thuiicler- 
st,orms is about 73. The Pacific Coast of the United 
States is the freest from electrical storms. The average 
number of thunderstorms a t  Sail Francisco is lass than 
0n.P . er your. 

Tfunderstorms over the ccntml and upper Missis- 
sippi Valley States arerage about 90 per yew. A large 
percentage of these accompany general cyclonic storms, 
and they may occur either during the daythie or at 
night. The greatest damage from lightning occurs in 
the region from the central hlississippi V d e y  eastward 
to the Atlantic coast. 

Based on the data available i t  is estimnt.ed t.hat 
from 500 to 1,000 buildin me struck by lightning 
and burned in the United tates each year, and that 
about SO0 people are killed by lightning annual1 and 
many more injured, t’he avera e annual dea tp  rate 
from lightning in the United Etates being approsi- 
mately one er 120,000 population. 

It woulf seem that although thunderstorms are 
more numerous in Panama than anywhere in the United 
States, the total loss of life and property damape from 
electric storms ig relatively less in Panama &an in 
many sections of the United States. 

resented 

by W. H. Alexander, of the e nited States Bureau, 
and Robert DeC. Ward., published in the Proceedin 
of the Second Pan-American Scientific Congress, Vol. IT 

The data on United States thunderstorms 
above were abstracted from pa ers on thun z erstorms, 


